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Summary
BALB/c athymic nu/numice spontaneously developed organ-specific (gastritis, thyroiditis, oophoritis,
or orchitis) and systemic (arteritis, glomerulonephritis, and polyarthritis) autoimmune diseases
when transplanted with neonatal BALB/c thymuses. Transplantation of thymuses from adult
BALB/c mice was far less effective in inducing histologically evident organ-specific autoimmune
disease in nu/nu mice. Autoimmune disease developed, however, when adult thymuses were irradiated
at a T cell-depleting dose before transplantation. Engrafting newborn thymuses into BALB/c
mice T cell depleted by thymectomy, irradiation, and bone marrow transplantation produced
similar organ-specific autoimmune disease as well, but thymus engrafting into T cell-nondepleted
BALB/c mice (i.e., mice thymectomized as adults, but not irradiated) did not, despite the fact
that transplanted thymuses grew well in both groups of mice.
The mice with organ-specific autoimmune disease produced autoantibodies specific for the
respective organ components, such as gastric parietal cells, thyroglobulins, oocytes, or sperm.
The thymus-transplanted nu/numice also had hypergammaglobulinemia and developed anti-DNA
autoantibodies, rheumatoid factors, and immune complexes in the circulation.
These results indicate that: (a) the thymus of a murine strain that does not develop spontaneous
autoimmune disease can produce pathogenic self-reactive T cells that mediate organ-specific and/or
systemic autoimmune diseases; and (b) such self-reactive T cells, especially those mediating organ-
specific autoimmune disease, spontaneously expand and cause autoimmune disease when released
to the T cell-deficient or -eliminated periphery.
A
utoimmune diseases are divided into organ-specific (e.g.,
Hashimoto's thyroiditis and autoimmune gastritis with
pernicious anemia) or non-organ-specific (systemic; e.g., SLE
and rheumatoid arthritis), depending on whether autoim-
mune responses are directed to an antigen(s) confined to a
particular organ, or widely distributed in the body (1, 2).
In humans as well as animal models, one organ-specific au-
toimmune disease is frequently associated with another, e.g.,
pancreatic insulitis in insulin-dependent diabetes, thyroiditis,
and gastritis (3-7); likewise, a number ofclinical features are
shared by SLE and rheumatoid arthritis (1, 2, 8). This sug-
gests a common pathogenetic basis for each spectrum of au-
toimmune diseases.
T cells play a pivotal role in generating various autoim-
mune diseases in humans and animals (9-14) . The existence
ofpotentially self-reactive T cells in the normal immune system
has been suggested for organ-specific autoimmune diseases
(15-17), but remains controversial for systemic ones (18). Re-
cent studies have demonstrated that T cells reactive with self-
antigens expressed in the thymus can be clonally deleted (19,
20), but how the thymus deals with T cells specific for self-
antigens expressed outside the thymus remains to be de-
termined.
A critical issue in elucidating the pathogenetic mechanism
of autoimmune disease is to determine whether the thymus
of a normal individual can produce T cells mediating organ-
specific and/or systemic autoimmune disease, and, ifso, what
conditions are required for their expansion and induction of
autoimmune disease. In this report, we show that, when con-
genitally T cell-deficient athymic nude (nu/nu) mice or eu-
thymic mice T cell depleted by thymectomy and irradiation
are engrafted with syngeneic thymuses, they spontaneously
develop various organ-specific and systemic autoimmune
diseases.
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Mice
BALB/c nu/nu and nu/+ mice (6-8 wk old) were purchasedfrom
Life Sciences, St. Petersburg, FL. Euthymic fetuses or newborns
were obtained by breeding female nu/+ mice with male nu/+
mice. To prepare T cell-depleted nu/+ mice, female nu/+ mice
were thymectomized at 6 wk of age, irradiated 2 wk later at 900
rad from a "'Cs source (81.3 rad/min; Gammacell 40 irradiator;
Atomic Energy ofCanada, Ottawa, Canada), andinoculated with
5 x 106 syngeneic bone marrow cells treated with antiThy-1.2
Plus rabbit complement.
Thymus Transplantation
Thymuses were engrafted under the renal capsule as previously
described (21). Thymuses irradiated before engraftingeither received
900 rad from a '3'Cs source after removal from newborn or 7-d-
old nu/+ hosts, or were removed 2 d after 900-rad whole body
irradiation of adult nu/+ mice.
ELISA
Antibodies against Double- or Single-stranded DNA (ds- or ssDNA),I
TNP haptens, or IgG(RF). 5 ttg/ml ds-or ssDNA (22), 10,ug/ml
TNP-BSA (23), or 5 ug/ml affinity-purified mouse IgG (Sigma
Chemical Co., St. Louis, MO) (8) in PBS, pH 7.2, was used for
overnight coating of ELISA plates (Flow Laboratories, McLean,
VA). Test sera were diluted to 1:20 forRF assay, 1:40foranti-DNA
assay, or 1:80forandTNP assay. Antigen-coated plates wereblocked
for 1 h with PBS containing 0.05% Tween20, 0.02% NaN3, and
0.1% BSA, incubatedfor 1 h at room temperature with appropri-
atelydiluted test sera, washed with PBS-0.05% Tween 20, 0.02%
NaN3, and incubated for 1 h with 1 Ag/ml alkaline phosphatase
(ALP)-conjugated anti-mouse IgGor IgM(for RF assay) (Southern
Biological Technology, Birmingham, AL). Absorbance at 405 nm
was measured by a MR580 ELISAreader (Dynatech, Alexandria,
VA) after30-min colordevelopment with 1 mg/mlp-nitrophenyl
disodium hexahydrate (Sigma Chemical Co.) in 10% diethanola-
mine buffer, pH 9.8. RF and anti-DNA titers were expressed as
units when the absorbance of 1:20 or 1:40, respectively, diluted
standard pooled serum from N4-mo-old MRL/Mpj-lpr/lpr mice
(8), provided by Dr. E. AlexanderoftheJohns HopkinsUniversity
(Baltimore, MD), was arbitrarily assumed to be 100 U. In anti-
TNP assay, the absorbance of a 1:80-diluted BALB/c serum pre-
paredby immunizing with TNP-KLH was assumed to be 100 U.
Anti-Gastric Rrietal Cell Autoantibody.
￿
Details of this method
were previously described (7).
Serum Concentration ofIg.
￿
Plates coated with 1 Ag/ml goat
anti-mouse IgG (Kirkegaard &Perry Laboratories, Inc., Gaithers-
burg, MD) were incubated with 1:1,000 or 1:5,000 diluted test
sera, then with ALP-conjugated goat anti-IgG or anti-IgM (South-
ernBiological Technology), andcolordeveloped as describedabove.
IgG and IgM concentrations of test sera were determined from
a standard curvemade by incubating with known concentrations
of affinity-purified IgG and IgM (Sigma Chemical Co.).
Immune Complexes(IC).
￿
The solid-phase anti-C3 assayofPereira
et al. (24) was modified for ELISA, and serum IC concentrations
' Abbreviations used in this paper: ALP, alkaline phosphatase; BMT,
bone marrow transplantation; dsDNA, double-stranded DNA; H&E,
hematoxylin and eosin; IC, immune complexes; IF, immunofluores-
cence; Ir, irradiation; PAS, periodic acid Schiff-, SSDNA, single-
stranded DNA; Tx, thymectomy.
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were expressedas micrograms aggregated gammaglobulin equivalent
per milliliter by referring to the standard curve of the binding of
aggregated gammaglobulins prepared by heating mouseIgG(Sigma
Chemical Co.).
Criteria for Grading Autoimmune Disease
Gastritis andoophoritis were assessed by macroscopic andhisto-
logical examination, as previously described (17). Histological
severity ofglomerulonephritis was graded on a0 to 2+ scalebased
on the intensity and extent of histopathologic changes (8, 25): 0
= kidneys without glomerular lesions; 1+ = mild lesions (in-
creased mesangial matrix, mesangial/glomerular cellularity, cres-
cent formation, or presence ofinflammatory exudates andcapsular
adhesions; no noticeable tubularcasts); 2+ = severe lesions (glo-
merular architecture obliterated in >70% of glomeruli with ex-
tensive tubularcast formation). Vasculitis was graded 0 to 2 based
on histological types and severity of arterial lesions in the kidneys
(25, 26; seeResults fordetails).Arthritiswashistologically assessed
when joint swelling of fore and/or hind legs was macroscopically
evident: 1+ synovitis with pannus formation but intact car-
tilages/bones; 2+ = arthritis with erosion of cartilages/bones or
fibrous ankylosis in any joints.
Immunofluorescence (IF) Test
To detect ICs deposited in renal glomeruli or vascular walls,
cryostat sections of kidneys were stained with FITC-labeled goat
anti-IgG (Tago Corp., Burlingame, CA), anti-IgM (Tago Corp.),
or anti-C3 (Cappel Laboratories, West Chester, PA). Indirect IF
test for detecting tissue- or organ-specific autoantibodies was per-
formed as previously described (7, 17).
Other Methods
Organs and tissues were processed for staining with hematox-
ylin and eosin (H&E) or periodic acid Shiff(PAS). Proteinuria was
assessed by Uristix (Miles Laboratories Inc., Elkhart, IN).
Results
BALB/c nulnu Mice Spontaneously DevelopedAutoimmune
Disease when Engraftedwith Newbornnul+ Thymuses. BALB/c
nulnumice were engraftedwith newborn (0 or 1 d old) nul+
thymuses at 6-8wk of age, observed for 5 mo, and examined
forhistological and/or serological occurrence of autoimmune
disease (Table 1). 43 mice (96%) survived >4 mo; four mice
were killed at 4.5-5 mo because ofanasarca andsplenomegaly
(two mice) or prolapsus ani (two mice). Organ-specific au-
toimmune disease(s) was histologically observed in 86 and
58% of the thymus-grafted female and male nulnu mice,
respectively; more than one organ was affected in 17% of
the former. 31% of the thymus-grafted nulnu mice devel-
oped histologically demonstrable vasculitis, glomerulone-
phritis, or arthritis, or combinations thereof, 30% of mice
with this systemic autoimmune disease also showed organ-
specific autoimmune disease. No histologically evident au-
toimmune disease was observed in age-matched untreated
nul+ or nulnu mice (80% of the latter survived to 6 mo
of age; 20% were killed early because of emaciation).
Histological Analysis.
￿
The afflictedorgans in organ-specific
autoimmune disease were massivelyinfiltrated by mononuclear
cells; the target cells (gastric parietal cells, thyroid epithelialTable 1.
￿
Induction of Autoimmune Disease in BALM nulnu Mice by Engrafting Newborn Thymuses
' Female (F) or male (M) BALB/c nu/nu mice (6-8 wk old) were engrafted with newborn BALB/c thymuses . The mice were killed 4.5-5
mo later for histological examination and check of autoantibodies.
t Incidence of histologically evident autoimmune disease is shown (see Figs. 1-3 and reference 17). Incidence of autoantibody-positive mice, as-
sessed by IF test at 1:10 dilution of test sera, is shown in parentheses for gastritis, thyroiditis, oophoritis, or orchitis (17). The number of
mice with grade 1 (1°) or grade 2 (2°) of vasculitis, glomerulonephritis, or arthritis is shown in parentheses.
cells, or oocytes) were specifically destroyed (see reference 17
for macroscopic view, histology, and autoantibodies demon-
strated by indirect IF test).
Two types of vascular involvement were noticed in small-
and medium-sized arteries, most noticeable in the kidney and
then salivary gland(Fig. 1). 14% ofnulnu mice with thymus
grafts showed perivascular accumulation of mononuclear cells,
little cellular infiltration into arterial walls with slight dis-
ruption of the walls, and no IC deposition (Fig. 1, A and
B). 9% showed not only perivascular accumulation ofmono-
nuclear cells and neutrophils, but also cellular infiltration into
arterial walls, leukocytoclasis, and fibrinoid necrosis (Fig. 1
C). Although we designated the former grade 1 and the latter
grade 2 by emphasizing arterial wall damage (Table 1), it re-
mains to be determined whether these two types represent
transitional stages from one to the other (26).
Two mice showed severe proteinuria (ti2,000 mg/ml) and
histologically severe (grade 2) glomerulonephritis of a chronic
obliterative form with accumulation of amorphous PAS-
positive materials in the mesangial matrix (Fig. 2, A and B),
granular deposition of IgG and C3 in the glomeruli (Fig.
2, C andD), and extensive protein casts in renal tubules. These
two mice also showed grade 2 arteritis in the kidney (Fig.
1 C). Deposition of IgM was observed by IF test in the
glomeruli of untreated nulnu mice, as reported by others (27,
28), but their glomeruli were histologically normal.
Arthritis symmetrically involved small and large joints of
both fore and hind feet (Fig. 3 A). Synovitis with pannus
formation observed in early lesions (Fig. 3 B) appeared to
proceed to cartilage and bone erosion, resulting in fibrous
ankylosis of thejoints (Fig. 3 C). Subcutaneous nodules, vas-
culitis of small vessels, and inflammation of the surrounding
muscle and tendon were also observed.
Serological Analysis.
￿
Serum titers ofvarious autoantibodies,
IgG concentration, or IC levels in the thymus-transplanted
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female nulnu mice in Table 1 were assessed and compared
with control untreated female nulnu or nu/+ mice, or N4-
mo-old MRL/Mp-lpr/Ipr mice that spontaneously develop
various SLE-like autoantibodies as well as IC-mediated glo-
merulonephritis, arteritis, and arthritis (8; and see Discus-
sion) (Fig. 4). IgG concentration, IC levels, titers of organ-
specific autoantibodies (especially those specific for gastric
parietal cells), and autoantibodies against dsDNA, antiTNP
antibodies, or RF, were significantly high in the nu/nu mice
with thymus grafts. One mouse with grade 2 arteritis had
the highest titerof RF and anti-dsDNA autoantibodies, and
three mice with arteritis had high levels of serum ICs. Un-
treated nulnu mice developed autoantibodies against dDNA
with aging (data not shown), but no significant titer of anti-
dsDNA autoantibodies.
Engrafting ofAdult nu/+ Thymuses Was Less Efficient in
Inducing Organ-specific Autoimmune Disease in nu/nu Mice. To
examine whether the successfulinduction of autoimmunedis-
ease is unique to newborn thymus transplants, BALB/c nu/nu
mice were engrafted with thymuses from nu/+ mice at var-
ious ages : two thymuses from nu/+ or + / + fetuses on day
14 of gestation (day 6); one (two lobes) from 0-d-old (new-
born within 24 h of birth) or 7 d-old nu/+ mice; or a half
thymus (one lobe), cut into three to four pieces, from 8-wk-
old nu/+ mice. They were examined 3 mo later for histo-
logical and serological development of autoimmunity (Table
2). 50 and 70% of the mice transplanted with fetal or new-
born thymuses, respectively, developed histologically demon-
strable gastritis and/or oophoritis with respective autoanti-
bodies. Thymus engrafting from 7-d-old or adult nu/+ mice
was far less effective in inducing these autoimmune diseases,
although 40-50% showed high titers (>640 by ELISA) of
anti-parietal cell autoantibodies of IgG isotype. Serum IgG
levels and titers of anti-dsDNA or antiTNP antibodies were
equally high (comparable with the thymus-grafted nu/numice
Experimental
group
Thymus-grafted
hosts" Gastritis
Oophoritis
or orchitis
Incidence of
Thyroiditis
autoimmune
Vasculitis
disease#
Glomerulonephritis Arthritis
A BALB/c nulnu (F) 22/35 9/35 2/35 8/35 4/35 2/35
(32/35) (8/35) (3/35) (1°; 5 (10; 2 (20; 2)
2°; 3) 2° ; 2)
B BALB/c nulnu (M) 7/12 1/12 0/12 3/12 1/12 0/12
(9/12) (2/12) (1/12) (1°; 2 (2°; 1)
2° ; 1)Figure 1 .
￿
Vasculitis. (A) Vascular lesion in the kidney of thymus-
transplanted nu/nu mice. Small- and medium-sized muscular arteries
are affected. Transplanted thymus is also shown (H&E staining;
x40) . (B) Higher magnification of the lesion shown in A . Perivas-
cular accumulation of mononuclear cells is prominent, but disruption
of arterial wall is slight (grade 1) (H&E staining; x180) . (C) Arter-
itis with damage of the media and intima (grade 2) (PAS staining;
x200) . Subendothelial deposition of PAS-positive material is seen .
in Fig . 4) in nulnu mice with thymuses of any age ; histolog-
ical incidence of systemic autoimmune disease appeared to
be little influenced by the age of thymus donors .
Transplantation of Irradiated Thymuses from nul+ Mice at
Any Age InducedAutoimmune Disease in nulnu Mice . To ex-
amine effects ofT cell depletion from thymus grafts before
transplantation, thymuses were irradiated at 900 rad and then
engrafted into nulnu mice (Table 2) . In contrast to nonirradi-
ated thymuses (see above), engraftment ofirradiated thymuses
from 0-d, 7-d, or 2-mo-oldnul+ mice equally produced histo-
logically evident organ-specific autoimmune disease(s) in
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Figure 2 .
￿
Glomerulonephritis . (A) Glomeruli are extensively
damaged and protein casts are seen in the tubules (grade 2) (H&E
staining ; x40) . Note cellular infiltration into the interstitial tissue.
(B) Affected glomerulus (PAS staining ; x250) . (C) IF Staining of
IgG deposition (x250) . (D) IF staining of C3 deposition (x250) .
-80% of the nulnu mice . Two mice developed mild insulitis
(see reference 7 for histology) . Serum IgG levels and autoan-
tibody titers were not significantly different between the nulnu
mice with irradiated or nonirradiated thymus grafts .
Development ofOrgan-speck Autoimmune Disease Required
Peripheral
￿
T Cell Depletion
￿
before Engrafting
￿
nul+
Thymuses .
￿
To determine whether spontaneous development
of autoimmune disease after thymus grafting is unique to
nulnu mice, BALB/c newborn thymuses were engrafted into
T cell-depleted BALB/c mice (prepared by thymectomy [Tx]
as adults, irradiation [Ir], and bone marrow transplantation
[BMT]), BALB/c thymectomized without T cell depletion,
and normal BALB/c (Table 3) . At 3 mo, the thymus grafts
grew well under the renal capsule ofthese mice, except normal
BALB/c. Organ-specific autoimmune diseases were histolog-
ically found in 75 and 50% of the nulnu or Tx-Ir-BMT
BALB/c, respectively, with high titers of anti-parietal cell
autoantibodies (640-40,960 by ELISA), but not in the Tx-
or normal BALB/c, in which no anti-parietal cell titer was
detected (<10 by ELISA) . Serum IgG levels and anti-dsDNA
titers were high (15-30 mg/ml and 10-35 U, respectively)
in the thymus-grafted nulnu, Tx-Ir-BMT-, or Tx-BALB/c mice
compared with normal BALB/c with thymus grafts (3-8
mg/ml and <5 U, respectively) .Figure 3 .
￿
Arthritis . (A) Joint swelling in fore and hind legs . (B)
Early lesions in an interphalangeal joint (grade 1) (H&E staining;
x80) . Note synovial inflammation and pannus formation . (C) Late
lesions with destruction of cartilage and absorption of bone (grade 2)
(x40) .
Discussion
When T cell-deficient or -depleted BALB/c mice were
engrafted with syngeneic thymuses, they spontaneously de-
veloped various organ-specific (gastritis, thyroiditis, insulitis,
oophoritis, or orchitis) and systemic (arteritis, glomerulone-
phritis, and arthritis) autoimmune diseases that were im-
munopathologically similar to those in humans (1) .
In the organ-specific autoimmune diseases shown here, T
cells produced/released by the thymus grafts appeared to exert
antigen-specific help on the host-derived autoantibody-forming
B cells and/or conduct cell-mediated immune reactions to-
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wards specific self-antigens, since these autoimmune diseases
could be adoptively transferred byT cells alone to naive nu/nu
mice in a disease-specific manner (17 ; and manuscript in prep-
aration) . There was a difference in the incidence of organ-
specificautoimmune diseases dependent upon the age of the
thymus donors ; this age-dependent difference was abolished
by irradiation (Table 2) . Fetal/newborn thymuses and regener-
ating thymuses after irradiation contained few "mature"
thymocytes (i.e., few CD4+ or CD8 + single-positive thy-
mocytes ; 29, 30) . "Mature" thymocytes were also depleted
by administration of rclosporin A, and transplantation of
thymuses from ryclosporin A-treated adult mice produced
similar organ-specific autoimmune disease in syngeneic nu/nu
mice (7, 21) . Inoculation of thymocyte suspensions from
normal adult mice could inhibit the development of organ-
specific autoimmune disease, but those from newborn or cy-
closporin A-treated mice could not (21, 31) . Furthermore,
depletion ofT cells from the periphery by irradiation appeared
to prompt peripheral expansion of self-reactive T cells upon
release from the thymus grafts (Table 3) . These findings, when
taken together, suggest that thymuses of any age can pro-
duce pathogenic self-reactive T cells eliciting organ-specific
autoimmune disease ; however, "mature" thymocytes/T cells,
or certainT cells in the "mature" subset, may inhibit periph-
eral proliferation/activation of the self-reactive T cells .
In the development of SLE-like autoimmune disease, it is
unlikely that organ-specific self-antigens, such as parietal cell
or oocyte antigens, formed the main pathogenic ICs, since
BALB/c nu/nu mice inoculated with a nu/+ splenic T cell
subset developed the same spectrum oforgan-specific autoim-
mune diseases with comparative titers of organ-specific au-
toantibodies, but did not show histologically evident vascu-
litis or glomerulonephritis, nor a significant level ofcirculating
ICs (17) . In the thymus-grafted nu/nu mice, T cell-mediated
polyclonal activation ofhost B cells, illustrated by hypergam-
maglobulinemia and spontaneous appearance ofantiTNP an-
tibodies, presumably played a key role in the development
of SLE-like autoantibodies (such as against dsDNA mole-
cules) and resulting pathogenic ICs (32-35) . The role ofT
cell-mediated polyclonalB cell activation has been implicated
in systemic autoimmunity of mice with chronic graft-vs.-host
disease and MRL/Mp-lpr/lpr mice; both develop arteritis, IC-
mediated glomerulonephritis, and polyarthritis, immunopath-
ologically similar to those shown here (Fig. 4) (8, 25, 26,
36-38) . In these models, T cells reactive with allogenic class
IIMHC antigens (39), or perhaps abnormally reactive with
self-class II MHC antigens (40-42), appear to stimulate B
cells polyclonally through direct contact and/or via various
B cell stimulatory lymphokines (39, 43, 44) . In our experi-
ment, inoculation of whole spleen cells from normal adult
BALB/c nu/+ mice did not cause graft-vs.-host disease or
systemic autoimmunity in BALB/c nu/nu mice (17), indicating
no significant histoincompatibility between nu/nu and con-
genic nu/+ mice. Grafted thymuses regenerating from pre-
sumed structural damage upon heterotopic transplantation
(45) might produce, or fail to delete, T cells with nonphysio-
logical reactivity to self-class IIMHC or related selfantigens
(19, 46, 47) . This issue is currently under investigation .50
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Thus, the thymus of BALB/c mice can produce T cells
that mediate organ-specific and systemic autoimmune disease;
however, the T cell self-reactivities responsible for organ-
specific and systemic autoimmunity may differ or be subjected
to a distinct thymic and/or peripheral control. The differ-
ence was also suggested by the finding that hypergam-
maglobulinemia and significantly high titers ofanti-dsDNA
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Figure 4.
￿
Serum IgG level,
titers of anti-parietal cell autoanti-
body, anti-dsDNA autoantibody,
antiTNP antibody, RFs, and level
of serum immune complexes are
compared among BALB/c female
nu/nu mice with thymus grafts
(Table 1), age- and sex-matched
BALB/c nu/nu or nu/+ mice, and
N4-mo-old MRIrlpr/Ipr mice. (")
Macroscopically evident gastritis;
(
￿
) 2° glomerulonephritis;
(
￿
) 1° glomerulonephritis; (A)
0
￿
0
￿
2° arteritis; (A) 1° arteritis; (/)
00
0
0 0
0
0
￿
2' arthritis. Two mice shown as
having 2° glomerulonephritis also
bore 2° arteritis. Bars indicate
mean ± SD.
BALBIc-nWnu BALBlc nW+ MAL-Iprllpr
antibodies developed, but no organ-specific autoantibodies
were detected, in thymus-grafted Tx-BALB/c mice (Table 3,
group C; and Results); furthermore, similar organ-specific
autoimmune disease can be induced in BALB/c mice without
systemic autoimmunity (7, 17). Low incidence of overt sys-
temic autoimmune disease in the present experiments requires
further study to clarify this issue.Table 2.
￿
Induction ofAutoimmune Disease in BALB/c nu/nu Mice by Engrafting Irradiated or Nonirradiated Thymuses from
BALBlc nu/+ Mice at Various Ages
Female BALB/c nu/nu mice (6-8 wk old) were engrafted with irradiated or nonirradiated thymuses from nu/+ mice at indicated ages. The
recipient nu/nu mice were killed 3 mo later for histological and serological examination.
t See legend for Table 1. A mouse in group G developed both 2° arteritis and 2° glomerulonephritis; vasculitis, glomerulonephritis, and ar-
thritis in other groups were 1° in histological severity.
Received for publication 13 February 1990 and in revisedform 9 May 1990.
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" Female BALB/c nu/nu mice (6-8 wk old) (group A), BALB/c mice (8 wk old) T cell depleted by Tx, Ir, and BMT (group B), thymec-
tomized BALB/c mice (group C), or normal BALB/c (group D) were engrafted with newborn BALB/c thymuses. These mice were killed 3
mo later for histological and serological examination.
t See legend for Table 1. Two cases of vasculitis were 1° of histological severity; a case of arthritis was 2° .
S Ovaries were destroyed by irradiation.
We thank Dr. F. J. Dixon for valuable advice in examining histology and critical reading of the manu-
script; Drs. A. N. Theofilopoulos, J. Sprent, D. H. Kono, and M. Kammueller for comments on the
work; Dr. E. Alexander for serum samples of lupus mice; and Ms. M. K. Occhipinti for editorial help.
We thank Drs. H. M. Dintzis and R. Z. Dintzis for advice and encouragement.
This work was supported in part by a grant from the Lucille P. Markey Charitable Trust. S. Sakaguchi
is aLucille P. Markey Scholar. A part of this work was conducted at the Department of Biophysics, Johns
Hopkins University School of Medicine, Baltimore, MD.
This is publication no. 6063 IMM from the Department of Immunology, (IMM3) Research Institute
of Scripps Clinic.
Address correspondence to Shimon Sakaguchi, Department of Immunology (IMM3), Research Institute
of Scripps Clinic, 10666 North Torrey Pines Road, La Jolla, CA 92037.
Experimental
group
Age of
donor
mice
Treatment
of thymus
grafts" Gastritis Oophoritis
Incidence of
Thyroiditis
autoimmune diseaset
Insulitis Vasculitis Glomerulonephritis Arthritis
A Day (- 6) - 3/8 (5/8) 1/8 (2/8) 0/8 (0/8) 0/8 1/8 0/8 0/8
B Day 0 - 6/10 (8/10) 3/10 (4/10) 0/10 (0/10) 0/10 2/10 0/10 1/10
C Day 7 - 1/10 (5/10) 0/10(1/10) 0/10(0/10) 0/10 1/10 0/10 0/10
D 2 mo - 0/10 (4/10) 0/10(0/10) 0/10(0/10) 0/10 1/10 1/10 0/10
E Day 0 irradiated 4/6 (6/6) 4/6 (4/6) 0/6 (0/6) 0/6 0/6 0/6 0/6
F Day 7 irradiated 5/6 (6/6) 3/6 (4/6) 1/6 (1/6) 1/6 0/6 0/6 0/6
G 2 mo irradiated 3/5 (5/5) 1/5 (2/5) 0/5 (0/5) 1/5 1/5 1/5 0/5
Table 3. Induction of Autoimmune Disease in T Cell-deficient Mice by Engrafting Newborn Thymuses
Experimental
group
Thymus-grafted
hosts' Gastritis
Incidence
Oophoritis
of autoimmune diseaset
Thyroiditis Vasculitis Arthritis
A BALB/c nu/nu 7/12 (11/12) 4/12 (5/12) 1/12 (2/12) 2/12 1/12
B BALB/c (Tx-Ir-BMT) 6/12 (8/12) -S 0/12 (0/12) 0/12 0/12
C BALB/c Tx 0/10(0/10) 0/10(0/10) 0/10 (0/10) 0/10 0/10
D BALB/c 0/10 (0/10) 0/10 (0/10) 0/10 (0/10) 0/10 0/10References
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